The paper reports on a 5-year longitudinal study on psychological distress after predictive testing for Huntington's disease (HD) and on correlates of post-test distress. Psychometric tests and questionnaires were used. The tested persons were invited to participate in the follow-up study; the uptake rate was 75% (24 carriers, 33 non-carriers). Three time points were included: baseline, 1 year and 5 years posttest. Five years after the test, mean distress scores of both carriers and non-carriers were within the normal range. Carriers did not differ from non-carriers with regard to mean general distress. Compared to non-carriers, however, carriers had significantly less positive feelings (P50.001) and were more consciously avoiding HD-related situations and thoughts (P50.01). These findings reflect the carriers' conscious and unconscious attempt to escape from pessimism and to minimise negative consequences of the test result. Psychological distress 5 years post-test was significantly associated with ego-strength (P50.05 to P50.001). Except for intrusion and avoidance, distress was also associated with test motivation (P50.05 to P50.01). Compared with baseline level, mean depression, general and specific anxiety had significantly decreased 1 year and 5 years post-test (P50.05 to 0.01). This evolution was independent of the test result. However, based on test motivation, a subgroup of tested persons having long lasting psychological distress could be identified, also irrespective of test result. Persons who asked the test to get rid of the uncertainty, without being able to specify implications for substantial life areas, had more psychological distress before and after the test than those who wanted the test for specific reasons (P50.001 to P50.0001). Moreover, the pattern of post-test anxiety differed over time, depending on the test motivation (P50.05). The findings suggest that pre-and post-test counselling should pay special attention to persons with lower ego-strength and with an unspecified test motivation, because they are at higher risk for long-term psychological distress, independently of the test result.
Introduction
The psychological impact of predictive genetic testing for Huntington's disease (HD) has been evaluated through qualitative and quantitative outcome studies. Several recent reviews on this topic have been published. 1 -3 All studies reported a low rate of severe psychiatric reactions. A world-wide survey 4 revealed that psychiatric hospitalisation, suicide attempts and suicides were exceptional (0.97%) after predictive testing. The follow-up studies showed that about 10 to 15% of both carriers and noncarriers experienced some psychological problems, including psychological burden, a period of depression, hopelessness about the future, concern about the children or (survival) guilt. 1 -3 Several hypotheses have been formulated to explain the low incidence of post-test problems: the pre-and post-test counselling of the participants, their mental resourcefulness and/or their coping strategies to deal with the negative consequences of the test result. 1 -6 Three observations concerning psychological functioning in the context of predictive testing have been long established. 1 -3 First, test participants are a self-selected subgroup with relatively good psychological resources. Second, post-test emotional distress is rarely associated with test result. And third, pre-test distress is a better predictor of post-test distress than test result. A higher level of depression and anxiety may be caused by a lower ego-strength and by less effective strategies to cope with stressful situations. 7 This has been confirmed in a 1-year follow up study of predictive testing for HD. 8 Several authors 6, 9, 10 observed that some test applicants have unrealistic expectations regarding the test result. They use the risk of HD as an excuse for not facing the numerous uncertainties in life and expect that the test result in itself will solve their problems and uncertainties. Other test participants mainly want the test to help them in making decisions about family planning, to inform their grown children about their risk, or to make decisions on other matters. These persons seem to need the test to take specific actions. Compared to those who only want the test to 'get rid of the uncertainty', these persons have more clear expectations concerning the impact of the test. The present paper reports on a 5-year longitudinal study of predictive testing for HD. The first aim of the paper is to assess general and specific distress in carriers and non-carriers, 5 years post-test. The second aim is to identify the role of ego-strength, test result and motives for testing in psychological distress 5 years post-test. The third aim is to assess the evolution over time of psychological distress, as a function of (a) test result and (b) test motivation. So far, the association of psychological distress with test motivation has not been investigated yet. We included three points of time: baseline, 1 year and 5 years post-test.
Methods
In Belgium, predictive testing for HD has been available as a clinical service since November 1987. Pre-test counselling and long-term emotional support have been provided by the predictive testing team. Psychological research is embedded in this clinical service which includes systematic follow-up sessions.
11 This paper presents a selection of the findings of the 5-year follow-up study. 
Measures

General and specific anxiety
20,21
Motives for testing The participants' motives for testing have been extensively discussed during the pretest counselling. During the pretest phase, we could categorise the test participants into two groups: (1) persons who asked for the test because they can not live with the uncertainty about their risk, without being able to specify implications for their life (= 'unspecified' motives) and (2) those who wanted the test for specific purposes, such as family planning, informing the adult children about their risk status, making decisions about career or relationship, . . . (= 'specified' motives). Some persons of this group mentioned that they also wanted the test to get rid of the uncertainty. However, the essential difference with the first group is that the latter group has concrete ideas about expected changes or about future actions after the test.
Only the BDI, the STAI and the Ego-Strength-scale have been administered at the three points of time: before, 1 year and 5 years after the test.
Participants
In the period November 1987 -November 1995, 90 Flemish-speaking individuals with an affected parent had received a test result (33 carriers, 56 non-carriers, one equivocal result). In the period 1993 -2000, these persons and their partners were invited to participate in a 5-year follow-up study; the person with the equivocal result was not included in the study. We only present the findings for the tested persons.
Twenty-four of the 33 carriers responded to the 5-year follow-up (73% response). Given the large number of non-carriers, only persons who received their result before November 1994 (43 non-carriers) were asked to participate in the study. Thirty-three of them agreed (77% response rate). Most non-participation was due to lack of interest in follow-up counselling. The proportion of persons lost at the 5 year follow-up was 5/17 (29%) among male carriers, 4/16 (25%) among female carriers, 6/14 (43%) among male non-carriers and 4/29 (14%) among female non-carriers.
Overall, 57 persons participated in the study; 17 of them were tested with linkage analysis (five carriers, 12 noncarriers). During the follow-up contact, we had doubts about minor symptoms in six carriers; this doubt was also expressed by one of them.
Statistical analyses
Small samples and categorical variables were analysed with non-parametric tests. Differences between continuous variables were analysed using t-tests. The role of ego-strength, test result and test motivation in psychological distress 5 years post-test was assessed using multiple regression analysis. The coefficient of determination (R 2 ) is the proportion of variance in the dependent variable explained by the independent variables. R 2 is independent of the order in which the variables are entered in the model. The adjusted R 2 is adjusted for number of predictors and sample size. The evolution over time of mean distress scores was assessed using multivariate analyses of variance for repeated measures. The Avoidance-and the Intrusion-scale of the IES and the BDI were not normally distributed. Therefore, raw scores of these three scales were square root transformed. The statistical package used was SAS (Statistical Analysis Software). 22 
Results
Baseline socio-demographic variables Table 1 presents baseline socio-demographic data for participants in the study (n=57) and for the group lost to follow-up (n=19). Except for sex, the differences between carriers and non-carriers in the group of participants were not statistically significant. The proportion of women in the group of non-carriers was significantly larger than the proportion of women in the carrier group.
The group of persons lost at the 5-year follow-up did not significantly differ from the participants in the study with regard to baseline socio-demographic data.
Baseline psychological characteristics
Carriers and non-carriers did not significantly differ with regard to baseline level of depression, general and specific anxiety, ego-strength and coping strategies. Moreover, the baseline psychological characteristics of the dropout group did not significantly differ from the participants' characteristics.
General and specific distress in tested persons, 5 years post-test Table 2 presents the means for the distress measures in tested persons, 5 years post-test. The mean scores for both carriers and non-carriers were within the normal range. Carriers had a significantly higher mean score for avoidance (IES) and had significantly more negative feelings about their test result (HOS) than non-carriers.
Additionally, we tested whether the group of possibly affected carriers (n=6) differed from the group without symptoms. The differences in psychological distress were not statistically significant.
Role of ego-strength, test result and test motivation in psychological distress
Test participants mentioned several motives for asking for the test: the uncertainty in their life (84%), family planning (46%), informing their children about their risk status (28%) and other considerations (relationship, finances, studies, career; 9%). In the pre-test period, we had categorised the test applicants in two groups, after an in-depth discussion of their test motivation: (1) those asking for the test because of the uncertainty, without being able to express expectations about specific changes after the test ('unspecified' motives; n=14; mean age=36.8; SD= 8.7; 7 carriers), and (2) those who could specify post-test implications or planned actions ('specified' motives; n=43; mean age=36.4; SD=10.2; 17 carriers). Table 3 presents the results of the multiple regression analysis. The standardised beta coefficient reflects the unique contribution of the independent variable to the dependent variable (after controlling for the other two variables). The unique contribution of ego-strength was significant for all distress variables. The contribution of test result was only significant for avoidance and for resultspecific feelings. The unique contribution of test motivation was significant for all distress variables, except for intrusion and avoidance.
Additionally, we investigated whether having minor symptoms had a predictive value for post-test distress. We found a small but significant unique contribution for result-specific feelings (P50.05; adj. R 2 : 0.45), but not for the other distress measures.
Evolution over time of depression, anxiety and egostrength, as a function of test result Table 4 presents the means for depression level, general and specific anxiety and ego-strength over time (see also Figure  1 ). The analysis of repeated measures showed a significant effect of time for depression, general and specific anxiety. No significant differences were found between carriers and non-carriers.
Depression (Figure 1a Evolution over time of depression, anxiety and egostrength, as a function of motives We performed a multivariate analysis for repeated measures, with time as the within-subject factor, and test motivation as the between-subject factor (Figure 2 ). For the three distress measures, we found a significant difference (P50.001) between the two motivation-groups.
Depression (Figure 2a) The decrease of mean depression from baseline to 1 year post-test was significant (F=8.49; General Anxiety: Carriers n =23/Non-carriers n =33; Global dysfunctioning: Carriers n =21/Non-carriers n =32. General anxiety (Figure 2b ) Here, the evolution over time was different for the two motivation-groups. In the group with unspecified motives, general anxiety did not significantly change over time. For those with a specified motivation, general anxiety significantly decreased from baseline to 5 years post-test (t=4.33; P50.0001) and from 1 to 5 years post-test (t=2.16; P50.05).
Specific anxiety (Figure 2c ) Here too, the evolution over time was different for the two motivation-groups. First, specific anxiety significantly decreased from baseline to 1 year follow-up for both groups (t=3.18; P50.01 for the specified motives-group; t=2.47; P50.05 for the unspecified motives-group). However, for those with unspecified motives, mean specific anxiety significantly increased from 1 to 5 years post-test (t=72.48; P50.05). For those with specific motives, on the contrary, mean specific anxiety remained at the same level from 1 to 5 years post-test; the decrease from baseline to 5 years post-test was significant (t=4.17; P50.001).
Ego-strength (Figure 2d ) Mean ego-strength for the unspecified motives-group was lower than the mean for the specified motives-group, but the difference was only marginally significant (P=0.08).
In order to study the potential interacting effect of test result and motivation, we included test result as an additional between-subject factor. The effect of test motivation remained significant (P50.001) and we found no significant interaction between test result and test motivation.
Discussion
This study assessed psychological distress in mutationcarriers and non-carriers, 5 years post-test. Our results confirm previous findings. 1 -6 Mean distress scores for both carriers and non-carriers were within the normal range.
Compared to non-carriers, carriers had significantly more negative feelings about their test result and were significantly more avoiding HD-related situations and thoughts. This avoidance behaviour of carriers can be considered as a beneficial, self-protective choice to escape from pessimism and negative consequences of the test result. Avoidance is a sound strategy in order to keep stress and anxiety at a manageable level in situations where preventability and controllability of the threat are low. 23, 24 This defensive avoidance does not necessarily hinder health-related behaviour. 25 An example of relevant health-related behaviour in this context is the use of prenatal testing. Our study further confirmed the previously reported finding that pre-test ego-strength is a strong predictor of posttest distress. 8 A new finding is that test motivation also has a strong predictive value with respect to long-term distress, independently of ego-strength and test result. Moreover we assessed the evolution over time of psychological distress and ego-strength as a function of test result and test motivation. For the total group of participants, mean distress had significantly decreased over the long term, while mean ego-strength remained high over time. This evolution was the same for carriers and non-carriers. However, it was different for the two motivation-groups. Based on test motivation, we could delineate a subgroup of tested persons in which psychological distress reappeared after some years or even remained high after testing. Persons who asked the test to get rid of the uncertainty, without being able to specify concrete future implications of the test, were significantly more distressed before and after the test than those who wanted the test for specified reasons. The group with unspecified reasons moreover tended to have lower levels of ego-strength. These findings were independent of test result. It is clear that for this group of test participants, carriers as well as non-carriers, the test result had not brought relief in the long term, Longitudinal study of predictive testing for HD M Decruyenaere et al 34 witness the return to baseline level of psychological distress. For those who wanted the test for well-defined purposes, on the contrary, psychological distress had significantly decreased 5 years post-test. Compared to the group with unspecified motives, this group clearly benefited more of a predictive test, not only because of the lower anxiety 5 years post-test, but probably also because they eventually could take action, based on a favourable or unfavourable test result.
The mechanism underlying the association between test motivation and distress still has to be ascertained. Vague test expectations may cause psychological distress, and vice versa, psychological distress may be a barrier to look at the future and to deal with problems. Additionally, both distress and type of test motivation may be influenced by other variables, such as style of coping with threatening information 26, 27 or past and/or current experiences with HD in the family. Another question is how tested carriers will react emotionally when the first symptoms of HD appear. They may experience more distress or the denial-avoidance may have increased. In this study, no significant differences were found between the six possibly affected carriers and the other carriers. However, after controlling for ego-strength and test motivation, the possibly affected carriers had significantly more positive feelings towards their test result than the other carriers. This may reflect an unconscious denial of the onset of HD. However, it is clear that a sample of six persons is too small to investigate the effect of the disease onset on long-term distress. Moreover, since this was not the aim of our study, we did not include an objective criterion to confirm the presence of first symptoms.
About one quarter of the initial group of tested persons was lost at the 5-year follow-up, mostly due to lack of interest in follow-up contact. The proportion of nonparticipation was largest among male non-carriers and Longitudinal study of predictive testing for HD M Decruyenaere et al 36 smallest among female non-carriers. It would be interesting to know more about the long-term psychological functioning of the persons lost at follow-up; this may lead to suggestions for guidance and support. Ethical considerations however impede this kind of research: we have to respect the reluctance of this group against being contacted.
Another remark concerns the male/female ratio in the group of participants. An overrepresentation of women opting for predictive testing has been reported. 5, 6 This has been explained by the assumption that women usually act as genetic housekeepers. 29 In our group of tested persons, the ratio female/male in non-carriers proved to be larger than in carriers. 8 Finally, for a discussion of post-test reproductive decisions, we refer to the results of the European collaborative study 30 on reproductive decisions after predictive testing. The study has clear implications for pre-and post-test counselling. Counselling should pay special attention to persons with lower ego-strength and with an unspecified test motivation. An in-depth discussion of the participant's test motivation should be an essential component of pretest counselling. This is a complex topic because test applicants are not always aware of their conscious and unconscious motives and expectations. Getting insight into the participants' motives requires considerable expertise of the counsellor. A helpful method is the development of 'scenarios'. 31 We ask test participants to explore possible outcomes of predictive testing and to anticipate how they would react. The expression of beliefs, emotions and expectations is stimulated, which allows test applicants to get more insight into their test motivation. In most cases, indepth exploration of the motivation allows to make future actions and expectations more concrete. However, in some cases, test participants are not able to specify concrete implications for their life. Their test request is more emotionally laden, they have a lower ego-strength and they seem to have a low awareness of motives and unconscious factors that play a part. In these cases, extra attention should be paid to prepare these persons for the emotional implications of a test result. Supporting and raising their self-esteem and enhancing their feelings of personal control are key components of this preparation phase. If necessary, additional counselling should be offered. Follow-up counselling should also pay special attention to these persons with unspecified motives because they are at higher risk for long-term psychological distress. Post-test counselling should reinforce their sense of competence, raise their personal control over life and encourage them to actively cope with problems. In some cases, psychotherapy may be needed. Based on our experiences with HD, we recommend a contextual approach in which the family dynamics are taken into account 28, 32 and in which active problem-solving strategies are stimulated. .6) 3.8 (6.1) 3.9 (4.7) General Anxiety C (n=20) 37.1 (7. (1) For the 1 year follow-up, seven persons (three carriers and four non-carriers) were missing because they had their 1 year follow-up in another centre (Ghent, Antwerp). The baseline and 5 year posttest distress scores of these seven persons did not significantly differ from the distress scores of the other test particpants. For Egostrength, one additional subject was missing at the 1-year assessment.
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